The impairment of formation and
Abstract
The impairment of formation and maintenance of a formed fibrin clot contributes to the prolonged bleeding and high incidence of rebleeding in upper gastrointestinal haemorrhage. To investigate the basis for the use of drug therapy in gastric bleeding, this study used thrombelastography to determine the effects of pharmacological manipulation of gastric juice on coagulation and fibrinolysis. The thrombelastograph is a mechanical device that provides a visual assessment of all stages of coagulation and fibrinolysis. The effects of fresh and pharmacologically changed gastric juice was assessed after its addition to fresh whole blood in the thrombelastograph cuvette. Pharmacological manipulation was achieved through alkalisation or through addition of tranexamic acid, aprotinin, or sucralfate. Fresh gastric juice delayed clot formation, decreased maximum clot amplitude, and stimulated clot lysis.
Alkalisation inhibited the lytic effects of fresh gastric juice and improved the induced abnormalities in coagulation. Tranexamic acid partially inhibited gastric juice induced clot lysis but did not exhibit a beneficial effect on coagulation. Sucralfate, and to a lesser extent aprotinin significantly inhibited fibrinolysis but exacerbated the detrimental effect of gastric juice on the parameters of coagulation. Alkalisation of gastric juice reduces the adverse effect on coagulation and fibrinolysis. Tranexamic 
Methods

THROMBELASTOGRAPHY
The thrombelastograph is a mechanically operated system that provides a continuous visual assessment of blood or plasma during all phases of coagulation and fibrinolysis. The graphic representation produced by the instrument is called a thrombelastogram (Fig 1) . The instrument consists of two cylindrical cuvettes maintained at 370C containing the blood or plasma to be analysed, which rotate back and forth about a vertical axis. A piston is lowered into each cuvette leaving a space of 1 mm for the sample between the piston and the cuvette. As long as the sample remains fluid the pistons remain motionless, but once fibrin strands begin to form the oscillations of the cuvette are transmitted to the piston and as fibrin formation and elasticity of the coagulum progress, the oscillations of the piston increase accordingly. The motion of the piston is corresponds to the time taken from the end of the r time to a point where the amplitude of the tracing measures 20 mm. This is a measure of the rapidity of fibrin build up or the speed at which a clot of a certain solidity has been attained. The maximum amplitude of the coagulum (MA) reflects the firmness of the clot and is influenced by the dynamic properties of fibrin, calcium, other plasma factors and, to a significant degree, platelet function. Subsequently, there is often a gradual decline, which represents retraction or softening of the clot. If fibrinolysis is present, however, there is a sustained regular decrease in maximum amplitude, which takes on a spindle type shape. Quantification of the degree of fibrinolysis is indicated by the fibrinolytic index (F1), which is the ratio ofA60 to MA where A60 is the amplitude of the tracing one hour after the MA is attained.
COLLECTION AND MANIPULATION OF GASTRIC JUICE
After an overnight fast, gastric juice was obtained from patients referred for upper gastrointestinal endoscopy by aspiration through an air dried endoscope (Olympus Q10). Particular effort was made to avoid contamination with saliva or bile. The pH of the juice was measured and gastric juice was discarded if the pH was greater than 2-0 or if less than 5 ml could be aspirated. The juice was stored at 4°C and examined within a maximum of four days. Juice from patients with known pancreatic or biliary disease, or from patients receiving drugs known to change gastric juice was not utilised.
The effects of commonly used pharmacological agents on gastric juice was investigated through alkalisation or through the addition of sucralfate, aprotinin, or tranexamic acid. Drugs were added in concentrations that most closely resembled the dose used therapeutically but that did not change the pH of gastric juice: (tranexamic acid 20 mg/ml, aprotinin 5000 U/ml, sucralfate 12 mgfml). To examine the effect of acid suppression, gastric juice was alkalinised to a pH of 4 by the addition of 0.1 M sodium hydroxide (NaOH). About 50-200 gl of NaOH was required to increase the pH of 2 ml aliquots of gastric juice greater than 4. Hydrochloric acid (0.01 M) and 0.9 N isotonic saline were used as pH and volume controls respectively. After pharmacological manipulation, the juice was allowed to stand for 10 minutes and then centrifuged at 500 rpm for five minutes to remove particulate matter. Results REACTION TIME (Fig 2) Acid alone (0 01 M hydrochloric acid), or pure gastric juice had no demonstrable effect on the reaction time of fresh blood when compared with volume control. Significant changes in reaction time were seen with pharmacologically changed gastric juice. The addition of sucralfate had the most noticeable effect prolonging the reaction time from 5.7 to 39.5 g seconds (p<0 05). The addition of both Tacid//S tranexamic acid and the non-specific protease n T acid inhibitor aprotinin to gastric juice also significantly though less profoundly prolonged the reaction time of whole blood when compared with the volume control.
COAGULATION TIME (Fig 3) The addition of hydrochloric acid alone between induced a significant prolongation of the coagle and the ulation time when compared with normal recording saline (p<005). The addition of pure gastric nd added juice to fresh blood caused a similar prolongarecording tion of the K value to 10.3 minutes, which was again significantly longer than seen for control duplicate (p<0 01). This prolongation was found to be Llues from reversed by raising the pH of gastric juice. The utilised. addition of sucralfate to gastric juice again very th particu-noticeably changes the coagulation time in the when it absence of a change in pH (K value 61.9 r irregular (7.2)). The addition of aprotinin or tranexamic de. These acid to gastric juice did not significantly change and the the K value when compared with that seen ,e thromb-with gastric juice alone. d on for a ,atisfactory c could be MAXIMUM AMPLITUDE (Fig 4) The maximum amplitude, representing the iuice were maximum elasticity of the clot was significantly A similar, though less noticeable effect was seen with the non-specific protease inhibitor aprotinin, and again would suggest that this agent has some properties that would make it less than ideal in upper gastrointestinal haemorrhage. This agent has previously been shown to significantly prolong the partial thromboplastin time in vitro. '7 The coagulation time was, however, significantly prolonged by the addition of fresh gastric juice. The similar effect seen with hydrochloric acid, and the reversal of the prolonged coagulation time by alkalinised gastric juice would suggest that this effect is related to a change in pH and not a property of gastric juice in itself. The adverse effect of acid on both the more conventionally measured coagulation pathways and on platelet function have previously been described.7 It is probable that this effect is represented here by a rise in the K value. Although tranexamic acid had no significant effect on the coagulation time, sucralfate, and to a lesser extent aprotinin, both have profound effects on the coagulation time. This finding in conjunction with prolonged thromboplastin generation would seem to confirm that these agents do indeed delay clot formation. However, not only does sucralfate delay the formation of a formed clot but it also reduces the elasticity or firmness of the clot. This is represented by the very significant reduction in the mean maximum amplitude when compared with control. Interestingly this effect was not seen with aprotinin. Pure gastric juice but not hydrochloric acid or normal saline significantly reduces the maximum amplitude and this effect is almost completely reversed by alkalisation. This suggests that an acid dependant factor in gastric juice such as a gastric protease is responsible rather than acid alone. 
